Introduction
The growth history of the inner core is inherently linked to the thermal history of the Earth's core and mantle. Understanding it would help unravel the links between the magnetic history of the Earth and the thermal and compositional structure of the core. The evidence for the timing of the inner core nucleation and growth in the paleomagnetic records is sparse (Biggin et al., 2015; Smirnov et al., 2016; Bono et al., 2019) and the changes in the magnetic field may have been moderate (Landeau et al., 2017) , with potential for a change in the field geometry (Driscoll, 2016) . As the Earth cools down, the partial crystallization from the liquid outer core releases latent heat and light elements at the bottom of the outer core, thus providing the major source of energy for vigorous convection (Verhoogen, 1961; Braginsky, 1963; Gubbins, 1977; Lister & Buffett, 1995) . Considering that the inner core boundary (ICB) is anchored at the intersection between the outer core adiabatic temperature and the melting temperature of the iron alloy, the age of the inner core has been estimated from 1.5 Gyr to 200 Myr (e.g. Buffett et al., 1996; Labrosse et al., 2001; Buffett, 2003; Nimmo, 2007; Monnereau et al., 2010; Labrosse, 2015) . However, the recent work of Huguet et al. (2018) challenged this hypothesis. Huguet et al. (2018) argue that the nucleation of the inner core requires to overcome a crystallization barrier for supercooling (Shimizu et al., 2005; Davies et al., 2019) , and that it is likely that the formation of the first crystals was delayed. The subsequent initial growth stage was then much faster than in the classical scenario in order to reach the same radius at present. So far, no evidence for such delayed nucleation, which timing might also be linked to a catastrophic event in the Earth's mantle, have been proposed.
Seismic and mineral physics studies have shown that the core is made of a mixture of iron and nickel and some light elements (Birch, 1961 (Birch, , 1964 McDonough & Sun, 1995) , which exact composition is still unknown (Poirier, 1994; Vočadlo, 2007) . The seismic structure of the solid inner core is complex and difficult to access, exhibiting heterogeneities in seismic properties at global and regional scales, both radially and horizontally (see for review: Deuss, 2014) . The existence of an innermost inner core has been proposed by several studies, with the observation of a different cylindrical anisotropy relative to the outer part, but the size of this zone and the associated anisotropy orientation are still debated (Ishii & Dziewoński, 2002; Wang et al., 2015; Romanowicz et al., 2016; Wang & Song, 2018) . According to the PREM model (Dziewonski & Anderson, 1981) , the inner core is associated to low shear wave velocity and high attenuation. These features have been shown by the recent detection of PKJKP waves (Tkalčić & Phm, 2018) to be even more pronounced, revealing a soft inner core. In the bulk of the inner core, Singh et al. (2000) showed that a volume fraction of liquid of 3-10% may explain the low shear wave velocityalthough the presence of liquid is not necessarily required (Tkalčić & Phm, 2018) . Below the ICB, the existence of lateral variations of seismic properties may also show the presence of patches of mushy zones (Tian & Wen, 2017) , while the ICB itself is globally sharp, with a thickness of at least less than 3 km (Koper et al., 2003) .
The co-existence of liquid and solid iron inside the inner core has been proposed early on also from theoretical studies. Loper and Roberts (1981) and Fearn et al. (1981) suggested that either a slurry zone or a mushy zone could exist due to crystallization process at the ICB, which thickness may extend to the very center of the Earth. Liquid may be trapped near the surface of the inner core due to a morphological instability of the solidification front, leading to dendritic crystals (e.g. Mullins & Sekerka, 1963; Davis, 2001; Deguen et al., 2007) or by sedimentation of crystals (Sumita et al., 1996) . The depletion in light elements of the remaining liquid near the ICB will prevent its solidification, as the eutectic temperatures of most iron alloys at inner core pressure are thought to be well below the temperature at the center of the inner core (Morard et al., 2014) . The liquid is then expelled from the solid matrix as it compacts under its own weight (Sumita et al., 1996) or due to convective instabilities.
Compaction of a solid matrix has been extensively studied in the geosciences literature for processes such as magma chamber solidification (McKenzie, 1984 (McKenzie, , 2011 , magma extractions (e.g. Rabinowicz & Vigneresse, 2004) , planetary evolution from accretion (e.g. Scheinberg et al., 2016; Hier-Majumder & Hirschmann, 2017) and petroleum transfer in sediments (e.g. Appold & Nunn, 2002) , but also for the evolution of the inner core (Sumita et al., 1996) . In the context of the inner core growth, a notable difference from most compaction studies comes from the linear dependence of gravitational acceleration on radius in the core, due to the self-gravitation. Sumita et al. (1996) have shown that, in simple growth histories, the trapping of liquid in the inner core can be estimated by comparing the rate of compaction and the rate of solidification. If the compaction is faster than the sedimentation at the ICB, then compaction will be efficient, and little fluid will remain trapped. Sumita et al. (1996) have proposed that the Earth's inner core falls into this category, thus preventing significant residual melt in its bulk. In the framework of supercooling, an initial stage of very fast growth would modify drastically the amount of liquid trapped in depth.
We propose here that this may be a key to decipher the existence and the timing of an episode of supercooling. In this paper, we revisit the model of Sumita et al. (1996) for the evolution of a compacting inner core and study the effect of an episode of late crystallization on the porosity structure of the inner core. The comparison with seismic observations allows us to propose constraints on the growth history of the inner core, and discard the possibility of a late episode of crystallization.
2 Model for compaction and growth of an inner core 2.1 Constitutive equations Following Sumita et al. (1996) , we model the compaction of the inner core as a twophase flow system where the dynamics are driven solely by the density difference between liquid and solid. Thermal and compositional contributions to buoyancy are not considered, discarding convective instabilities and allowing for a 1-D processing. Both phases are treated as viscous fluids, with a liquid viscosity several orders of magnitude smaller than the solid one. The set-up in this study is a self-gravitating two-phase sphere that grows from sedimentation of solid material at its surface.
Similarly to recent works on two-phase flow dynamics Ricard et al., 2001; Šrámek, 2007) , we consider equations for the liquid and solid phases, assuming that both phases are incompressible, with constant viscosity and density. The subscripts f and m refer to liquid and solid matrix phases respectively, and φ is the volume fraction of liquid. The volume average of a quantity A over a parcel of two-phase mixture is noted asĀ = φA f + (1 − φ)A m and the difference of a quantity A between the solid and the liquid phase as ∆A = A m −A f . We note v i the velocity of the phase i, µ i the viscosity, ρ i the density and P i the pressure.
The conservation equation of mass for the solid and liquid phases are combined to obtain an equation for the solid and liquid velocities
(1)
The momentum conservation equations for the liquid and the solid matrix are written as a generalized Darcy law and an equation for the matrix deformation, where µ f µ m Šrámek, 2007) 
where the permeability chosen as k(φ) = k 0 φ n , with k 0 a permeability coefficient and n an exponent chosen between 2 and 3; g is the acceleration of gravity, assumed to be linear in radius and constant with time; τ m = µ m (∇v m +[∇v m ] T −2/3∇·v m I) is the viscous deviatoric stress tensor of the solid matrix. In this work, we will consider n = 3 to be consistent with Sumita et al. (1996) . Assuming a micro-mechanical model as φ∆P = −Kµ m ∇·v m with K a geometric factor of order one (Šrámek, 2007), we combine equations (2) and (3) as
Adding the conservation of mass of the solid phase, where we neglect any phase change and thus the exchange of mass due to melting or freezing,
the set of equations (1), (4) and (5) provides a complete set of equations to solve for the porosity φ and the velocities of the solid and fluid phases.
1D dimensionless equations
We introduce characteristic scales for non-dimensionalization, choosing the compaction length scale δ = k 0 µ m /µ f (McKenzie, 1984) as the characteristic length scale.
The velocities are scaled with the Darcy velocity V D = |∆ρ|g 0 k 0 /µ f where |∆ρ| is the absolute value of the density difference between liquid and solid and g 0 the acceleration of gravity at the inner core boundary. Time is scaled with δ/V D .
The inner core is modeled as a sphere where no horizontal flows are allowed and all space dependencies of variables are radial dependencies. Thus, equation (1) gives v m = φ∆v. This allows us to write two equations for the matrix velocity v m (r) and the porosity φ(r) from the momentum equation (4) and mass conservation (5) in non-dimensionalized form as
∂ ∂r
where the variables t, r, v m are (from now) dimensionless, s = ∆ρ/|∆ρ| is the sign of the density difference and R ic (τ ic ) is the dimensionless radius of the inner core at present time τ ic . For the calculations, we choose K = 1.
Boundary conditions and growth of the inner core
The equations are solved between r = 0 (referred as the center) and r = R ic (t) (referred at the ICB), with boundary conditions allowing for vertical flows to cross the ICB. The mechanical boundary conditions at the ICB are
withṘ ic (t) the growth rate of the inner core.
The porosity is set to φ 0 at the ICB and 0 at the center. φ 0 is the porosity built when new material is added to the inner core by its growth. Its value should be similar to the rheological transition (see for example Renner et al. (2000) ) from a slurry-type behavior with particles free in the liquid to a mush-type behavior with fully connected matrix and fluid, however, such a value is difficult to assess. Considering a sedimentation process, the values for random close packing of spheres are given from 0.25 to 0.47 volume fraction of liquid, and we will consider a value similar to Sumita et al. (1996) , with φ 0 = 0.4. The rheological transition in the case of a dendritic-type mush at the ICB may be obtained for higher porosity values due to the large size of dendrites (Bergman & Fearn, 1994; Deguen et al., 2007) .
The time evolution of the radius of the inner coreṘ ic (t) is fixed by the growth scenario and the sedimentation rate v s is given by
. Several growth scenarios for the inner core (see Figure 1 ) are implemented: (1) linear growth is first considered to derive a range of possible dynamical regimes, (2) R ic (t) = R ic (τ ic ) t/τ ic based on classical models of the thermal evolution of the core (Buffett, 2003; Labrosse, 2003) and (3) a very sudden growth followed by the classical evolution in order to consider the supercooling effect on the inner core growth (Huguet et al., 2018) . In the supercooling scenario, the crystallization does not start when the temperature of the core reaches the freezing temperature at the center, but after the temperature is low enough to overcome the crystallization barrier. We simplify the evolution of the radius of the inner core during a growth modified by supercooling, describing it with two stages: a first stage of super-fast growth with constant growth rate to reach the theoretical size of the inner core that would follow a simple R ic (t) ∼ √ t − t 0 and then a second stage similar to the canonical scenario (see Figure 1 ). t 0 is defined as the time delay compared to the canonical model (2), so that the end time of the calculation is still τ ic . As discussed in Huguet et al. (2018) , the nucleation of the inner core and thus the start time t 0 of the fast growth period is controlled by an external catastrophic event able to overtake the nucleation barrier. The time delay between the theoretical beginning of the growth and the actual beginning is thus an unknown variable in this problem. two-stage growth with delayed nucleation (dashed green) (Huguet et al., 2018) . τic is here the age of the inner core in the case of Ric(t) ∼ t 1/2 growth.
Numerical model
The equations (6) and (7) are solved numerically using finite differences on a regular grid for the different growth scenarios and for various values of the compaction length by varying the total size of the system R ic . The porosity is advected by equation (6) using a flux limiter scheme, allowing for low numerical dissipation and non-oscillatory behavior (Šrámek et al., 2010) , with the velocity v m being calculated from (7). The growth of the inner core is obtained by adding grid points when required, with radius of the inner core fixed by the chosen growth scenarios as presented in Figure 1 . The grid is initialized with five grid points, which values are set to the initial porosity.
Results
We present here the results of our set of runs. We explored a large range of parameters to cover the ones relevant to the Earth's inner core and further, to describe the different dynamical regimes. For each run, we calculate the time evolution of the porosity and extract two important properties of the profiles: the volume average of the porosity and the thickness of the uppermost layer, which is still enriched in liquid. In some cases, the liquid accumulates in small volumes, creating waves similar to solitary waves propagating upwards, which dynamics have been extensively studied (e.g. Scott & Stevenson, 1984; Richard et al., 2012) .
Compaction without growth
We first consider the simple case of an inner core reaching its final radius without any compaction occurring, and turning on the compaction after. The top boundary conditions allow for material to cross the ICB, decreasing the average liquid porosity as the matrix compacts. In this system, we vary the ratio of the compaction length δ and the radius of the inner core R ic and let the inner core compacts under gravity. Defining the compaction time as the time required to reach an average porosity half of the initial porosity (from 0.4 to 0.2), we obtain that it scales with R ic /V D for a compaction length larger than 2R ic and with δ 2 /(R ic V D ) for a compaction length lower than 0.2R ic . A minimum compaction time is obtained for a compaction length of about 0.6R ic . For small compaction lengths, the efficiency of compaction is weakened by the propagation of solitary waves with length-scales similar to the compaction length. For large compaction lengths, the compaction is inefficient as δ is larger than the typical size of the system.
Constant growth rate
Exploring the parameter space for constant growth rates gives a good idea of the different regimes, which depends on the values of the growth rate and the compaction length. Figure 2[a-b ] presents a summary of the results for linear growth rate. It shows the final thickness of the uppermost layer and the average porosity for a large range of compaction lengths and growth rates. Two main regimes are observed: a compacted regime for low growth rates and small compaction length, and a non-compacted regime where the growth rate is larger than the Darcy velocity or where the compaction length is larger than the size of the system. The time evolution of the porosity profile for some parameters is also highlighted in Figure 2 [c].
For the Earth's inner core, the region of interest in the phase diagram is the one corresponding to a growth rate slower than the Darcy velocity, as it is where the porosity is significantly smaller than the initial porosity. We find that in that case, the porosity profile presents a compacted center and a non-compacted layer at the top, referred to as an uppermost mushy layer. The top region presents a profile similar to a half solitary wave, propagating at the same velocity than the growth rate, while some solitary waves can be observed for the smallest growth rate, propagating upwards but slower than the growth rate and originating from the center.
The thickness of the upper layer δ ul , which is the layer enriched in liquid, is the typical thickness of a solitary wave propagating in the system. It can be estimated for a Cartesian-geometry approximation similarly to the calculation in Sumita et al. (1996) . In our set of equations, we find that the thickness of the uppermost layer does not depend on the parameter n and δ ul ∼ δ Ṙ 0.5 , which is confirmed by our calculations (see Figure S2 ). From our calculations, the scaling law for the average porosity is < φ >∼ R ic , for a compaction length tending towards 0, which is similar to the base porosity of the solitary wave profile obtained by Sumita et al. (1996) .
A difference in the initial porosity φ 0 do not change the slopes of the scaling law shown here. For φ 0 larger than 0.4, the scaling law for the thickness of the upper most layer is similar, and the porosities are obtained up to 50% lower for initial porosity as high as 0.8.
Classical inner core growth
To estimate the compaction in a more realistic set-up, we consider a growth history of the inner core as R ic (t) = R ic (τ ic ) t/τ ic , where the growth rate is ∼ t −1/2 (Buffett, 2000; Labrosse et al., 2001) . In this case, the growth rate is fast at first, and slowly decreases, as seen in Fig. 1 . The porosity evolution is shown in Figure 2[d] , for the cases corresponding to the same parameters than shown by the white stars on the regime diagram in Figure 2 For small compaction lengths, the system evolves thus from the absence of compaction due to a too-fast growth towards an efficient compaction. As seen on Figure 2[d] , at the transition time, small packets of solitary waves start to propagate upwards, separating two regions: an innermost region where the scaling law for the porosity is φ ∼ R 0.5 ic and an outermost region of slightly lower porosity where the scaling law is φ ∼Ṙ ic . In the upper region, the base porosity is set by the solitary wave attached to the top of the inner core, as additional material is advected upwards by solitary waves, while the bottom region is at Darcy balance. Sumita et al. (1996) discussed the effect of the Darcy balance in a gravity field proportional to the radius. In that case, the balance is achieved for a constant porosity, which decreases with time. From the mass conservation equations, we obtain an evolution for the porosity at the center for any value of n as ∂φ/∂t ∼ φ n /R ic (τ ic ). The residual porosity at the center φ c scales thus as φ c ∼ 1−n √ t/R ic (τ ic ), confirmed by the results of the numerical models. For the case of linear growth, these two regions could not co-exist in a single run, as the growth rate is constant.
We obtain finally that the scaling law for the thickness of the upper layer is identical to the linear case, as the uppermost layer structure is controlled by the recent growth properties. The average porosity does not follow a simple scaling law, as it is a combination of the two regions. For large compaction lengths (δ R ic ), the average porosity tends towards the residual porosity at the center φ ∼Ṙ 0.5 ic , while at low compaction length (δ R ic ) it tends towards the porosity at the base of the upper layer φ ∼Ṙ ic . Effectively, small compaction lengths and slow growth present efficient compaction, with an average porosity being less than 10% for growth rates lower than 0.03 V D ,
Growth after a supercooled event
The last scenario we explore is when the growth of the inner core starts after a supercooled event. As shown on Figure 1 , the nucleation starts after a given time delay, with an initial fast growth followed by a normal √ t growth. The initial fast growth is similar to an instantaneous growth, where almost no compaction occurs. To estimate the effect of different delays in the nucleation, we calculate the average porosity at the end of the runs for different starting times for the crystallization. A supercooling time t 0 of 0 corresponds to a normal growth, while a starting time close to τ ic corresponds to a nucleation delayed such that the crystallization of the inner core happened very recently. We calculate the final average porosity of the inner core for three different compaction length. The results are presented in Figure 3 a. The black lines quantify the excess porosity observed in the case where a delay in nucleation is introduced compared to a classical scenario without supercooling. This provides us with a range of parameters where the supercooling is expected to change the final porosity compared to the traditional growth history without delayed nucleation.
The effect of supercooling on the average porosity is the largest for intermediate growth rates, as it is non-visible when the growth rate is large enough to prevent compaction. For the three cases studied here, this leads to a maximum effect of supercooling for final growth rates aboutṘ ic = 10 −2 V D , two orders of magnitude lower than the Darcy velocity. As highlighted on Figure 3 by the black solid lines, a change of 5% of the average porosity can be obtained due to an event of supercooling at this growth rate if the delayed nucleation starts after respectively 0.8 τ ic , 0.6 τ ic or 0.5 τ ic for compaction lengths of R ic , 0.1 R ic and 0.01 R ic . Since the average porosity increases with compaction length, the amplitudes of the changes imposed by the supercooling are larger for the case 0.01 R ic : in this case, a supercooling of 0.5 τ ic corresponds roughly to a 100% increase in porosity compared to the canonical growth. Figure 3 [b] presents the evolution of the porosity structure for the cases of supercooling highlighted by the white stars on panel a. The delayed nucleation creates two different regions: an innermost volume which size corresponds to the radius of the initial fast growth where porosity is constant and decreases with time, and an uppermost volume where solitary waves can propagate upwards.
Discussion
In this work, we model the dynamics of two-phase flows for the compaction of a mushy inner core, exploring a large range of the two controlling parameters, the compaction length δ = k 0 µ m /µ f and the Darcy velocity V D = |∆ρ|g 0 k 0 /µ f . We also vary the growth rate with time to estimate the effect of history on the final structure. We determined scaling laws for the volume of trapped liquid and the thickness of the uppermost mushy layer for canonical growth scenarios and delayed crystallization. The physical parameters relevant for the Earth's inner core are largely unknown, and we present here how to constraints them by comparing the results of our calculations and the seismic observations, as well as the implications for the supercooling hypothesis.
The physical parameters for metal alloy at the pressure and temperature of the Earth's inner core are not well constrained. We show here that, by considering the seismic observations of a thin uppermost mushy layer at the top of the inner core (< 5 km) and the small volume fraction of liquid in the bulk of the inner core (< 10%), we can roughly estimate their values. Both of the compaction length and the Darcy velocity depend on the material constituting the solid matrix and the liquid in the pores, and are only marginally dependent on the size of the system -through g 0 . The uncertainties are mostly coming from the solid inner core viscosity and the permeability. The viscosity of the iron alloy at inner core pressure and temperature is difficult to constrain (Bergman et al., 2018) , with estimations usually spanning 10 16 -10 22 Pa.s (Lasbleis & Deguen, 2015) . Recently, values as low as 10 1 Pa.s have been proposed (Belonoshko et al., 2019) , but these are incompatible with the shear modulus observations (Xian et al., 2019) . The permeability coefficient of an iron mixture at inner core conditions is unknown. Sumita et al. (1996) proposed values as low as k 0 ∼ 10 −18 m 2 , interpreted based on the empirical estimation of the tortuosity as typical crystal size of a ∼ √ 1000k 0 ∼ 10 −8 m.
In our calculation, the thickness of the uppermost mushy layer δ ul is affected only by the recent growth history of the inner core, making it independent on the growth scenario. It does not depend on the value of the permeability and scales as
For r ∼ √ t, the final growth rate is a function of the considered age of the inner core. For an age of the inner core from 1.5 Gyears to 0.2 Gyears, the final growth rate is 10 −10 -1.3 · 10 −11 m/s. WithṘ ic = 10 −11 m/s, |∆ρ| = 600 kg.m −3 and g 0 = 4.4 m.s −2 , we have 
An inner core viscosity larger than 10 22 Pa.s would promote a mushy layer at the inner core boundary larger than 6km, thick enough to be visible by seismic observation, and, as such, considered as too large to fit the current observations of the inner core.
From our calculations, the choice of scaling laws for the average porosity depends on the compaction length and the permeability. We consider a viscosity of the liquid of 10 −2 Pa.s (Poirier, 1988; Dobson et al., 2000) . The Darcy velocity is
From our calculations and as visible in Figure 2 , we find that porosity reaches values less than 10% for a final growth rate lower than 0.03V D , which corresponds to a lower bound for the permeability coefficient of 1.2 · 10 −15 m 2 with the same values as previously.
With this limit value, the compaction length is 
To reach a compaction length larger than the inner core size, the viscosity or the permeability coefficient have to be be 6 orders of magnitude larger than the ones considered here. Assuming a compaction length smaller than the typical size of the core, the average porosity is obtained from the scaling laws as
From seismic observations, the porosity in the inner core may be up to 10% of liquid (Singh et al., 2000) . This constraint reduces the possible value for the permeability coefficient to 1.3 -4·10 −15 m 2 . This would represent micrometric crystals in the inner core, several orders of magnitude larger than the crystal size proposed by Sumita et al. (1996) , but smaller than estimates from grain growth (Bergman, 1998; Deguen et al., 2007; Yamazaki et al., 2017) . The difference may lay in the definition of the permeability coefficient and the empirical relationship between the tortuosity coefficient and the grain and aggregate typical sizes. With k 0 = 4·10 −15 m 2 and µ m = 10 20 Pa.s, the predicted values for the inner core of the different discussed parameters are δ = 6.3 km, V D = 1.1 · 10 −9 m.s −2 , δ ul = 615 m, < φ >= 3%.
Heterogeneous nucleation of the inner core requires the existence of an initial nucleus. Huguet et al. (2018) have shown that the supercooling may lead to a delayed crystallization, which timing is difficult to estimate. We find here that a delayed crystallization may lead to an increase in average porosity in the inner core because of the accumulation of liquid during the first step of growth. Considering δ = 0.01 R ic andṘ ic ∼ 10 −2 V D , we find that to trap at least an additional 5% of liquid in the inner core -and reach above 10% of liquid volume-the delay in nucleation has to be at least half the presumed age of the inner core. For a nucleation starting before that time, we expect no noticeable difference in porosity. This provides an upper bound for a reasonable timing for the start of crystallization. The initial fast growth step cannot be larger than 70% of the radius of the inner core, which corresponds to a supercooling of 100 K (Huguet et al., 2018) and a delay in nucleation compared to the time where the first crystal may have nucleated of about half the presumed age of the inner core in the canonical model.
The internal porosity structure may also be compared to seismic observations. For compaction length smaller than the typical size of the core, the final structure presents layers of larger porosity that are propagating upwards as solitary waves. A central part develops, which size is typically increasing with the growth rate. For delayed nucleation, the central part is directly the volume of the inner core just after the fast growth step and is overlaid by a concentrated solitary waves zone (see Figure 3 b ). The observation of an inner-most inner core of 300 to 600 km-radius (Ishii & Dziewoński, 2002; Wang et al., 2015) may then be an evidence for an event of delayed nucleation before 0.4 τ ic , which would be unnoticeable in term of average porosity based on previous arguments but may create a different texture in and out of the central region.
Conclusion
We develop here a 1D model to follow the structure and average porosity of the compaction of the inner core, exploring the various growth histories that have been proposed in past studies. We show that the amount of melt trapped in the bulk of the inner core is a record of the growth history of the inner core, and by thus a record of the thermal and compositional history of the Earth.
The possibility of a delayed nucleation of the inner core has been introduced by (Huguet et al., 2018) , based on the difficulty for homogeneous nucleation to occur in the well-mixed outer core. So far, no evidence for such late nucleation has been found in the geomagnetic history of the Earth. Here, we propose that the porosity structure of the inner core records some of the key features of the growth history of the inner core. The uppermost layer of the inner core is sensible to the recent growth history only, while the bulk of the inner core records the past. We find that the existence of a delayed nucleation would in-crease the volume fraction of fluid trapped inside the inner core, and that it would likely be visible to seismic observations if the supercooling is larger than 100K, corresponding to a first growth step up to 70% of the inner core radius today.
A more detailed porosity structure of the inner core from seismic observations would help us constrain both the physical parameters of the inner core, through the thickness of the uppermost mushy layer, and the delayed nucleation if it existed. However, we note that our model lacks two main physical ingredients that should be investigated in the future: the remelting and freezing due to thermal and compositional effects and the interstitial convection (Huguet et al., 2016) . Both of these processes are likely to lead to a smaller melt fraction in depth.
Several authors have proposed other exotic growth scenarios, from an inner core crystallized during accretion (Arkani-Hamed, 2017) to several episodes of inner core growth (Andrault et al., 2016) . These scenarios would decrease the average growth rate and provide a larger time for the liquid to be expelled from the interior, leading to a lower porosity inside the inner core.
